An analytical method was developed to determine pesticides of various chemical classes in soil, juice and honey using analyte protectants to counteract the enhancement of the chromatographic response produced by the presence of matrix components (matrix effect). This effect was more pronounced for soil and honey samples than for juice samples; regarding the pesticide chemical class, organochlorine pesticides were less affected by the presence of matrix components than triazines and organophosphorus pesticides. Several analyte protectants (2,3-butanediol, L-gulonic acid γ-lactone, corn oil and olive oil) were tested for counteracting the observed matrix effect. L-Gulonic acid γ-lactone was an effective protecting agent for most of the pesticides studied in soil and honey samples, whereas olive oil was very effective for juice samples. The combination of these two protectants was found to be an effective analyte protectant for all compounds in soil and honey samples.
Introduction
Pesticide residues have generally been analyzed by gas liquid chromatography (GC) with different detectors, such as nitrogenphosphorus (NPD), electron-capture (ECD), and mass spectrometry (MS). 1, 2 In GC analysis, some analytes can give peaks showing a low response or poor peak shapes that are difficult to integrate. These problems can be originated by partial degradation of the analyte at the high temperature of the injection port, or by a low transference to the chromatographic column due to its retention in the active sites of the injector. Nevertheless, the sample components may compete for the active sites in the glass liner, decreasing the interaction between the active sites and the analyte, and thus allowing a larger amount of analyte to be transferred to the chromatographic column.
This fact, known as the matrix-induced chromatographic response effect (matrix effect), has been studied in relation to diverse parameters, such as sample cleanup 3 or injection techniques. 4, 5 Moreover, the matrix effect is also described as one of the main sources of errors in multiresidue analytical methods. 6, 7 Additional sample clean-up can compensate for the chromatographic response enhancement due to removal of the matrix components that cause this effect; but this is not always possible, and this approach increases the time and labor in sample preparation, and may produce analyte losses, leading to a higher uncertainty in the results. In general, this problem has been overcome by the method of standard addition in blanks, [8] [9] [10] [11] [12] [13] although this solution has the drawback of needing blank sample extracts for calibration standards. Furthermore, some official organizations, such as the U.S. federal agencies, do not permit the use of blank fortified standards in analyses. Another way to solve the matrix effect problem is the use of analyte protectants. These compounds, added to the standards, may protect analytes from degradative interactions, which can take place in the injection port. Several authors have demonstrated that this kind of additive was capable of counteracting, in some extension, the matrix effect. 11, 14, 15 The aim of this work was to develop an analytical method for the determination of pesticide residues in environmental (soil) and food (juice and honey) samples using analyte protectants to counteract the matrix effect. Four analyte protectants (2,3-butanediol, L-gulonic acid γ-lactone, corn oil and olive oil) were evaluated for pesticide determination in the studied samples.
Experimental

Chemicals and reagents
Pesticide standards were obtained from Reidel-de Haën (Seelze, Germany), and all compounds were of 99% purity. Ethyl acetate, hexane, methanol, acetonitrile and acetone, residue analysis grade, were purchased from Scharlab (Barcelona, Spain). A Milli-Q water purification system from Millipore (Bedford, MA) was used to provide ultrapure water. Silica Bondesil-C18, particle diameter of 40 µm, was acquired from Scharlab (Barcelona, Spain). The compounds evaluated as protecting agents were L-gulonic acid γ-lactone from Fluka (Buchs, Germany) and 2,3-butanediol from Aldrich (Milwaukee, WI). Corn and olive oils were purchased in a local supermarket.
Stock solutions (500 µg/ml) of each pesticide standard were prepared in ethyl acetate and stored at 4˚C. A standard stock solution (5 µg/ml) containing all of the pesticides was prepared in ethyl acetate.
Working solutions were prepared by appropriate dilution of the stock solution. The internal standard was prepared by dissolving hexachlorobenzene (HCB) in ethyl acetate to make a 500 µg/ml solution. A stock solution of L-gulonic acid γ-lactone (10 mg/ml) was prepared in acetone-water (8:2, v/v) using an ultrasonic bath. Stock solutions (1%, v/v) of the other three analyte protectants, 2,3-butanediol, corn oil and olive oil, were prepared in ethyl acetate.
Samples
Food samples, orange honey and apple juice, were purchased from supermarkets in Madrid. The samples were stored at 4˚C until analysis. Soil used in the study was collected from the plough layer (0 -10 cm) of an experimental plot located in the region of Madrid (Spain). Soil was sieved (2 mm) and stored at room temperature. The characteristics of the selected soil was: pH, 7.69; organic matter content, 0.97%; sand, 44.34%; silt, 37.44%; and clay, 18.22%. These food and soil samples were analyzed, and no pesticide residues were found.
Instrumentation
An Agilent gas chromatograph (Model 6890) equipped with an automatic split-splitless injector (Model HP 7683) and a mass spectrometric detector (MSD; Model HP 5973) were used in the chromatographic analysis. The operating conditions are summarized in Table 1 .
Extraction procedure
The extraction procedures used for pesticide determination in soil and food samples were based on previously published methods. [8] [9] [10] Soil: A polypropylene column (20 ml), with two Whatman No. 1 filter paper circles of 2 cm of diameter at the bottom end, was filled with anhydrous sodium sulfate (2 g) and sieved soil (10 g). Samples were extracted twice with 5 ml of ethyl acetate for 15 min in an ultrasonic water bath (Raypa, Spain) at room temperature. After each extraction, the columns were placed on a 12-port vacuum manifold (Supelco Visiprep, Madrid, Spain), where the solvent was filtered and collected in graduated tubes.
Honey: A 10 g amount of honey was dissolved in 10 ml of water-methanol (70:30) in a Sovirell tube. A polypropylene column (5 ml), with a polyethylene frit of 1 cm diameter and 20 µm pore size (Varian, USA), was filled with 1 g of C18 and placed on a 12-port vacuum manifold. The column was preconditioned with 3 ml of acetonitrile and 5 ml of water. The honey solutions were transferred to the column and the Sovirell tube was washed with 5 ml of water-methanol (70:30), which were also transferred to the column. The column was then eluted twice with 5 ml of hexane-ethyl acetate (1:1, v/v), and the extracts were collected in 10 ml graduated tubes.
Juice: A 10 ml volume of juice was placed in a Sovirell tube and 3 ml of methanol was added. The extraction columns (5 ml), filled with 1 g of C18, were preconditioned with 3 ml of acetonitrile and 5 ml of water using a 12-port vacuum manifold to filter the solvents. The juice solution was transferred to the column and the Sovirell tube was washed with 5 ml of water, which was also transferred to the column. The elution was carried out twice with 5 ml of hexane-ethyl acetate (1:1, v/v), α and the eluates were collected in 10 ml graduated tubes. A 0.5 ml volume of a 1 µg/ml solution of the internal standard (HCB) was added before GC-MS analysis.
Determination of pesticides by GC-MS
Analyses were performed with selected ion monitoring (SIM) using one target and two qualifier ions. The target and qualifier abundances were determined by the injection of individual pesticide standards under the same chromatographic conditions using a full scan with the mass/charge ratio ranging from 60 to 500 m/z. Quantitation was based on the ratio of the peak area of the target ion divided by the peak area of the internal standard in samples versus that found in the calibration standard. Table 1 shows the SIM program used to determine and confirm pesticides, and Table 2 lists the pesticides along with their retention times, the target and qualifier ions and their qualifier to target abundance ratios. Pesticides were confirmed by their retention times, the identification of target and qualifier ions and the determination of qualifier to target ratios. The retention times had to be within ±0.2 min of the expected time and the qualifier-to-target ratios had to be within a 20% range for positive confirmation.
Quantitation was performed and compared by using calibrations standards involving standards in a neat solvent, standards added to blank extracts, and standards in solutions containing analyte protectants. The blank extracts were fortified with 0.5 ml of the pesticide standard solution and 0.5 ml of the internal standard solution.
Results and Discussion
Matrix effect
In previous work, an enhancement of the chromatographic response was observed when blank soil or a food sample was spiked with known amounts of pesticides. [8] [9] [10] [11] Compounds with hydroxy (-OH) or amino groups (R-NH-), azoles (-N=), and several organophosphorus pesticides (OP) have been found to be more susceptible to the matrix effect, which is also influenced by the actual chromatographic conditions, particularly those of the injection port and the head of the column. Figure 1A shows chromatograms obtained for a fortified blank standard and a matrix-free standard. In general, a response increase of around two-fold was observed, although simazine and ofurace showed a higher effect, and three compounds were not detected in the matrix free standard. Organochlorine pesticides (OC) were compounds that presented the lowest matrix effect. These compounds (OC) are less polar, and hence are less susceptible to adsorption by the active sites in the injection liner.
The chromatographic response enhancement observed in our study has been reported by other authors in the determination of pesticides in food commodities. 3, 4, 14 Figure 1A shows that some organophosphorus (P=O) pesticides (fenitrothion, fenthion and sometimes methidathion) were not detected when injected in neat solvent, although for some organophosphorus containing P=S groups, ethion and malathion, the incidence of matrix effect was less pronounced. Other compounds, such as simazine and ofurace containing a NH group, gave high values due to the low response obtained in neat solvent standards. In the case of synthetic pyrethroids, compounds with high molecular masses (over 400 g/mol), they generally gave in neat solvent standards poor peak shapes that were more difficult to integrate and originate a response increase around two-fold in matrix fortified standards.
Analyte protectants
The addition of analyte protectants in order to mask active sites in the injection port and protect pesticides from degradative interactions has been previously assayed. 11 Ideally, the analyte protectant should provide the same degree of protection (same peak area) as that of the solution containing the matrix components. Several factors have to be considered in selecting the analyte protectants, such as their volatility and hydrogen-bonding ability. Based on previous studies, 2,3-butanediol, L-gulonic acid γ-lactone 11 and corn oil 16 were selected as protectant agents. Olive oil was also included in the study. These compounds were added individually or in combination to a mixture of pesticides in ethyl acetate. A compound with several hydroxy groups, such as 2,3-butanediol, could be an effective analyte protectant, since these groups could interact with the silanol groups of the glass liner and the column head, masking the active sites, and thus increasing the analyte transfer from the injection port to the column. L-Gulonic acid γ-lactone, a sugar derivative, was shown to be very effective in a previous study. 11 This compound together with its degradation products cover a wide range of volatility, and therefore protects pesticides with different retention times without interfering with the chromatographic analysis. Corn and olive oils were selected as analyte protectants due to the presence of long-chain fatty acids that may reduce the degradation of base-sensitive pesticides.
The concentration of the analyte protecting agent in the standard solution is an important factor in the response enhancement effect. To determine the effect of the protectant 1293 ANALYTICAL SCIENCES NOVEMBER 2005, VOL. 21 concentration, different standard solutions containing 0.1, 0.2, and 0.3% of 2,3-butanediol, corn oil, or olive oil and standard solutions containing 0.1, 0.2, and 0.3 mg/ml of L-gulonic acid γ-lactone were assayed. For the lowest concentration of analyte protectant added, no effect was observed for some of the pesticides, such as fenitrothion and methidathion. For the other two concentrations of analyte protectant assayed, a high and similar increase in the response was obtained. When a higher concentration of protectant (0.5% or 0.5 mg/ml) was studied, the increase in the response was not improved and, therefore, the intermediate concentration level (0.2% or 0.2 mg/ml) of the analyte protectant was selected. Figure 2 shows a comparison of the relative responses to the internal standard of selected pesticides at 50 ppb obtained with each analyte protectant expressed as the percentage of the maximum relative response achieved with any of the protectants. Therefore, 100% represents the protectant that gave the highest relative response to the internal standard for each pesticide. The analyte protectant that showed the lowest chromatographic response enhancement effect in most of the pesticides studied was 2,3-butanediol, which is in agreement with previous findings. 9 This analyte protectant is the most volatile agent assayed, and its protection for the late-eluting peaks was, in general, lower than for those with shorter retention times. L-gulonic acid γ-lactone provided good protection for almost all of the pesticides analyzed, due to the wide range of volatility covered by its degradation products. Nevertheless, the protection provided by this agent to the lateeluting pyrethroids was inadequate, whereas olive and corn oils gave good protection to those compounds. This may be explained by the presence of long-chain fatty acids that cover a volatility range similar to that of the analytes and minimize, at the same time, the degradation caused by active sites to the pyrethroids, which are base-sensitive compounds.
Other authors 16 have reported good recovery results in wine samples when calibration standards were prepared with corn oil as an analyte protectant. These facts suggest that the volatility range covered by the mixture of fatty acids gives good analyte protection despite differences in the composition of corn and olive oils. Although in our assay the behavior of both oils was similar, better results were obtained, in general, with olive oil, and therefore this oil was selected for further studies.
Determination of pesticide residues with analyte protectants
Three types of matrices (soil, fruit juice and honey), which have different contents of moisture and organic components, were employed for the determination of pesticide residues. The pesticides chosen covered a wide range of polarity, volatility and other physicochemical properties. Several pesticides, such as organochlorine pesticides, were slightly affected, whereas Table 3 Pesticide quantification in fortified blank samples using standards prepared in ethyl acetate with (A) 0.2 mg/ml of L-gulonic acid -lactone and (B) 0.2% of olive oil. The results are expressed in % of the added amount (50 ppb) ± relative standard deviation (RSD) γ α some pesticides, such as synthetic pyrethroids, gave narrow and tall peaks, and other pesticides, such as some organophosphorus, gave peaks four times higher when injected with analyte protectants. To study the determination of pesticide residues in the three different matrices chosen, pesticide-free sample extracts were fortified with a mixture of pesticides. Pesticide residues in the studied matrices, extracted following the procedures described above, were quantified using calibration standards containing the analyte protectants at 0.2% or 0.2 mg/ml, individually or in combination. Table 3 gives the results for the quantification of pesticides in fortified soil, juice and honey samples using calibration standards prepared in ethyl acetate with L-gulonic acid γ-lactone or olive oil. L-Gulonic acid γ-lactone gave, in general, good quantification results for all pesticides studied, except for fluvalinate in soil, juice and honey, where the matrix effect was not counteracted. Olive oil gave good results for all pesticides in juice samples, whereas in soil and honey samples the quantification results were good for all pesticides, except for some OP, such as fenitrothion and methidathion, and other compounds, such as simazine and ofurace, where the response enhancement was not completely counteracted by the protectant.
Therefore, due to the complementary effect obtained with both analyte protectants, a combination of L-gulonic acid γ-lactone at 0.2 mg/ml and olive oil at 0.2% was assayed to determine whether the response enhancement caused by matrix effect can be completely corrected for all of the pesticides studied.
Since good quantification results were already achieved for juice samples using olive oil as an analyte protectant, only soil and honey samples were studied, and pesticide residues were quantified employing a standard prepared with a mixture of the protectants. Figure 1B shows the good peak shape and chromatographic resolution obtained with the combination of protectants compared with the results obtained with a standard in neat solvent previously shown (Fig.  1A, dotted line) . Table 4 shows the quantification results obtained for all of the pesticides in both matrices. The results are in the range of the normally accepted recoveries (70 -120%) with relative standard deviations lower than 10%, despite the difficulty of simulating the matrix effect with analyte protectants. The chromatographic response was found to be linear in the studied range of concentrations (10 -100 ppb). The limit of detection (LOD) for each pesticide, determined as a value three-times the background noise obtained at its retention time in a blank sample and its corresponding limit of quantification (LOQ), calculated as a value ten-times that background noise, were near 1 ppb and lower than 10 ppb for most of the pesticides studied, respectively.
Conclusions
In this work, 24 pesticides were analyzed by GC-MS in soil, juice and honey. Standards prepared in neat solvent were compared with standards prepared in blank matrix extracts; a noticeable matrix effect was observed. The matrix-induced chromatographic response effect depended on the matrix type, due to the type and concentration of the co-extracted compounds; it was more important in soil and honey extracts.
Four analyte protectants were evaluated for the GC-MS analysis of pesticides to counteract the enhancement of the chromatographic response. The analyte protection provided by 2,3-butanediol was lower than that of the other types of protectants studied. The obtained results showed that 0.2% of olive oil was able to counteract the matrix effect in juice samples, and that a mixture of L-gulonic acid γ-lactone (0.2 mg/ml) and olive oil (0.2%) could be used for the determination of pesticide residues in soil and honey matrices. Good results were obtained with the proposed method employing analyte protectants and, therefore, the use of fortified blank samples as calibration standards can be avoided.
